Dystonia is a complex neurological syndrome broadly characterized by involuntary twisting movements and abnormal postures. The anatomical distribution of the motor symptoms varies among dystonic patients and can range from focal, involving an isolated part of the body, to generalized, involving many body parts. Functional imaging studies of both focal and generalized dystonias in humans often implicate the cerebellum suggesting that similar pathological processes may underlie both. To test this, we exploited tools developed in mice to generate animals with gradients of cerebellar dysfunction. By using conditional genetics to regionally limit cerebellar dysfunction, we found that abnormalities restricted to Purkinje cells were sufficient to cause dystonia. In fact, the extent of cerebellar dysfunction determined the extent of abnormal movements. Dysfunction of the entire cerebellum caused abnormal postures of many body parts, resembling generalized dystonia. More limited regions of dysfunction that were created by electrical stimulation or conditional genetic manipulations produced abnormal movements in an isolated body part, resembling focal dystonia. Overall, these results suggest that focal and generalized dystonias may arise through similar mechanisms and therefore may be approached with similar therapeutic strategies.
Introduction
Dystonia is characterized by involuntary muscle contractions that give rise to twisting movements and abnormal postures. The anatomical distribution of the dystonic movements varies considerably among affected individuals. Focal dystonias, such as writer's cramp or torticollis, affect one part of the body, whereas generalized dystonia encompasses much of the body. The relationship, if any, between focal and generalized dystonias is not understood. However, some evidence suggests that focal and generalized dystonias reflect different extents of the same underlying pathobiology since focal dystonias sometimes evolve into generalized dystonia (Bressman et al., 2009; Camargos et al., 2008; Kamm, 2006; Nemeth, 2002) . Further, within families affected by dystonia-causing gene mutations, some members suffer from generalized dystonia whereas others exhibit focal dystonias (Kamm, 2006; Nemeth, 2002) , suggesting that a spectrum of dystonias can arise from similar pathologic processes.
Because most dystonias result from dysfunction, rather than overt degeneration, functional imaging in patients is frequently used to localize abnormal brain activity. These studies often reveal abnormalities in basal ganglia and cortex. Imaging studies also frequently reveal involvement of the cerebellum (Neychev et al., 2011; Zoons et al., 2011) . Diffusion tensor imaging in dystonic patients implicates abnormal cerebellothalamic connectivity (Argyelan et al., 2009) . Abnormal cerebellar activity is observed with PET and fMRI imaging in generalized and segmental dystonias, including DYT1 dystonia (Eidelberg et al., 1998) , hemidystonia (Ceballos-Baumann et al., 1995) , and exerciseinduced paroxysmal dystonia (Kluge et al., 1998) . Abnormal cerebellar activity is also observed in focal dystonias, including writer's cramp (Odergren et al., 1998; Preibisch et al., 2001) , cervical dystonia (Galardi et al., 1996) and blepharospasm (Hutchinson et al., 2000) . More specifically, increases in cerebellar perfusion or metabolism are consistently observed across functional imaging studies in dystonic patients, regardless of form or etiology. Thus, cerebellar dysfunction is a common feature of focal and generalized dystonias, suggesting that different forms of Neurobiology of Disease 49 (2013) 200-210 
